Mice were fed with swine gastric mucin in a basal diet for 5 weeks. In 5 week-old mice, a 2% mucin diet signiˆcantly decreased nitric oxide levels of serum and liver. Reduction of serum total cholesterol and triglyceride and increase of HDL-cholesterol level were also signiˆcant with the mucin diet. In 14 month-old mice, the mucin diet was less eŠective.
Mucin is a kind of polymeric glycoprotein found on the cell surface of epithelial cells of digestive and respiratory tracts. Their primary roles are considered to be to protect epithelial cells from pathogens, 1, 2) digestive enzymes etc. Mucin biosynthesis is known to be augmented by NO, 3) which is massively produced by macrophages, neutrophils, and epithelial cells upon induction by various stimulants. 4) Conversely, Tan et al. 5) reported that mucin increased epithelial NO production via the NO synthase (NOS) pathway.
As we had also observed macrophage activation and NO induction activity of swine gastric mucin (Miwa et al. 4) and a manuscript in preparation), in vivo biological activity of oral administration of mucin was examined in this study. Besides the serum and urine level of nitrite and nitrate, the stable end products of NO, we also examined the serum concentration of cholesterol and triglyceride of the mice, because we previously suggested that NO production was correlated with lipid metabolism. [6] [7] [8] Male C3H mice (5 week-old and 14 month-old, Oriental Yeast Co., Japan) were used. The animals were housed two per cage in a temperature-controlled room (249 C) on a 12 h light-dark cycle. All mice were provided free access to deionized water and experimental diets. They were fed basal diet for 1 week and then experimental diets for 5 weeks. Composition of the basal diet was same as in our previous paper. 6) Mucin from swine stomach (Wako, Osaka, Japan) was added to the basal diet at the levels of 0, 2, 3.5, or 5z. We followed the guide of our institute in the care and use of laboratory animals.
Urine was collected at day7, day15, and day35. They were centrifuged at 5,000×g, and the supernatants were stored at "809 C until analyses. After 5 weeks of consuming the diets, the mice were lightly anesthetized with diethyl ether and killed. Blood was collected by decapitation and left to clot on ice. Serum samples were obtained by centrifugation. The liver was immediately removed, weighed and homogenized with appropriate ice-cold buŠers. The homogenates were stored at "809 C until analyses.
NO concentration was analyzed with an NO analyzer (PFA-3-NO, Tokyo Kasei, Japan), and calculated as the sum of nitrite and nitrate concentration. Total cholesterol, HDL-cholesterol, and triglyceride levels in serum were measured by the following kits: Cholesterol C-Test Wako, HDLCholesterol Test Wako, and Triglyceride G-Wako, Wako Pure Chemicals, Japan, respectively.
Data analysis was done as follows. In Fig. 1 , twoway ANOVA with equal replication and Turkey multiple comparison test (GLM procedure) were done using SAS Release 6.11 (SAS Institute Inc., Cary, N.C., USA) on a SGI ORIGIN 3800 (Silicon Graphics Inc., Mountain View, C.A., USA) at the Computer Center of the Agriculture, Forestry, and Fisheries Research Council Secretariat (Tsukuba, Japan). Results in Tables 1 and 2 were expressed as means± SE, and analyzed by Student's t-test.
The eŠects of 5 weeks of feeding of the swine gastric mucin-containing diet on serum NO levels in 5-week-old mice are shown in Table 1 . Despite the NO induction activity of mucin in vitro (manuscript in preparation), reduction of serum and liver NO levels was observed with the mucin diet in a dose-dependent manner. The reduction in serum was signiˆcant ( Pº0.05) with the diet containing more than 2z mucin. The NO level in urine during the 5-week experiment, X (feeding days), Y (diet), and interaction between X and Y were signiˆcant (Fig. 1 ). The longterm feeding of the mucin diet seemed to suppress the increase of nitrite and nitrate. Reduction of total triglyceride and cholesterol level and increase of 
Fig. 1. EŠects of DiŠerent Concentrations of Mucin on Nitric
Oxide In Urine. : Control, : 2z mucin, : 3.5z mucin, : 5z mucin. Values are means±SE (n＝8). *Variations of X (feeding days) and Y (concentrations of mucin) and interaction between X and Y were signiˆcant ( Pº0.05, respectively) through 2-way ANOVA with 8 replications. The following results were obtained by the Tukey test:1. Content at 35 days was signiˆcantly diŠerent ( Pº0.05) from that at 15 days. Content diŠerence between 7 days and 15 days was not signiˆcant. Content of 0 and 2z mucin was signiˆcantly diŠerent ( Pº0.05) from that at 3.5 and 5z mucin. HDL-cholesterol level in serum (Table 2) were also observed. Liver andˆnal body weights were unaŠect-ed by the dietary mucin. We also used 14-month-old mice to see the age eŠect. In the old mice, the mucin diet was less eŠective but a 5z mucin diet signiˆcant-ly reduced serum NO (data not shown). This study suggests that dietary mucin lowered the NO production. Among various sources of NO in the whole body, a much greater amount of NO is produced by iNOS in a defensive mechanism at the site of infection and in‰ammation, especially in gut, as Tannenbaum's group reported. 9) Mucin also has a very important role as a defense mechanism as a barrier molecule in gut. As mucin has bacterial adhesion inhibition activity, 1, 2) dietary mucin might suppress the interactions between gastrointestinal epithelial cells and enteric microbes, resulting the low endogenous NO production. The detailed mechanism of this phenomenon must be elucidated further.
We also observed serum cholesterol and triglyceride lowering eŠects of mucin intake. Numbers of reports have suggested a relationship between NO and cholesterol and W or triglyceride. Ferlito et al. 10) reported elevated plasma nitrite in hypercholesterolemic arteriopathic patients. Our previous study showed hypertriglyceridemia and hypercholesterolemia caused by L-N v nitroarginine, a NOS inhibitor. [6] [7] [8] Crespo et al. 11) reported LPS induction of iNOS and increased serum levels of cholesterol and triglycerides, and iNOS inhibition by melatonin counteracted it.
The suppression of the interactions between gastrointestinal epithelial cells and enteric microbes by dietary mucin might result in a decreased infection signal and consequent reduction of cholesterol and triglyceride. Mucin is also known to interact directly with biliary lipids. 12) This characteristic of mucin might account for inhibition of intestinal absorption of lipid and cholesterol to some extent.
